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Abstract 
A close association between eruptive prominences and CMEs, both slow and fast CMEs, was 
reported in many studies. Sometimes it was possible to follow the material motion starting 
from the prominence (filament) activation to the CME in the high corona. Remnants of the 
prominence were found in the bright core of the CME. However, detailed comparisons of the 
two phenomena reveal problems in explaining CMEs as a continuation of filament eruptions 
in the upper corona. For example, the heliolatitudes of the disappeared filaments and 
subsequent coronal ejections sometimes differ by tens of degrees. In order to clear up the 
problems appearing when considering this association EP- CME, we tentatively analyse the 
more general question of the dynamics of the generic magnetic flux rope. Prominences and 
filaments are the best tracers of the flux ropes in the corona long before the beginning of the 
eruption. A twisted flux rope is held by the tension of field lines of photospheric sources until 
parameters of the system reach critical values and a catastrophe happens. We suggest that the 
associated flux rope height above the photosphere is one of these parameters and that it is 
revealed by the measured height of the filament. 80 filaments were analysed and we found 
that eruptive prominences were near the so-called limit of stability a few days before their 
eruptions. We suggest that a comparison of actual heights of prominences with the calculated 
critical heights from magnetograms could be systematically used to predict filament eruptions 
and the corresponding CMEs.  
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1 Introduction 
Hα observations of the activation of a filament (prominence) frequently end up suddenly due 
to the shift of this line from the filter pass-band due to i) the Doppler effect, ii) the decrease of 
the emission due to the decrease in the density of expanding material, and iii) the ionization of 
hydrogen due to the heating of the prominence plasma. The subsequent evolution can 
sometimes be observed in ultraviolet or radio, but the fate of a prominence usually becomes 
visible only when it reaches the lower boundary of the field of view of a coronagraph and 
becomes visible in white light as a coronal mass ejection (CME). A typical CME consists of 
three parts: a bright core that is the remnant of an eruptive prominence (EP); a large, dark, 
lower-density surrounding cavity; and an outer, rather diffuse envelope having the projected 
shape of a closed loop with its legs fixed on the Sun (Crifo et al, 1983; Sime et al., 1984).  
There is a very close association between eruptive prominences and CMEs. There are no 
doubts, that in ejections with bright cores, the material of eruptive prominences is contained 
in the cores (House et al, 1981). Figure 1 shows an example of event when an eruptive 
prominence was recorded in He II 304 Ǻ line with the ultraviolet telescope EIT on SOHO, 
and then the remnants of the twisted prominence were well recognised in the core of the 
CME up to a distance of several solar radii from the surface. Another example (Fig. 2) 
indicates a good correspondence in time, spatial position and direction of motion of an EP 
filament and a CME. Even in the case of a limb CME observed at the time of a solar total 
eclipse, when the inner and the outer white-light corona are both well imaged, this association 
is obvious (see Koutchmy et al., 2004) including the occurrence of a high loop/cavity 
association. At the same time, there are ejections without bright core, or events, for which it is 
impossible to find the presumed prominence eruption or filament disappearance. The 
opposite, when a CME is absent after a filament eruption, was reported. However this 
happens in the case of "confined" eruptions, when the filament does not fly away too far but 
stops at some height in a new equilibrium position (Vrsnak et al., 1990; Filippov and 
Koutchmy, 2002; Torok and Kliem, 2005; Alexander et al., 2006). Thus, the relationship 
between these two phenomena is not always obvious, and it is the subject of analysis in many 
works.  
The purpose of this paper is to discuss these and some other problems of EP-CME 
association and try to resolve them in the frame of a magnetic flux rope model. 
 3
2 EPs and CMEs temporal and spatial distributions 
Among all manifestations of activity in the lower layers of the solar atmosphere, statistical 
studies showed the greatest correlation of CMEs with eruptive prominences (Webb et al., 
1976; Munro et al, 1979; Webb and Hundhausen, 1987). An important factor is the height at 
which the eruptive prominence is observed: the greater is the height it reaches, the more 
probable a CME will follow. So, all prominences studied by Munro et al. (1979) that reached 
height of 1.2Rü and 60% of prominences that reached the height 1.1Rü were associated with 
CMEs. This raises the question of whether or not the prominences, that at first show a 
sufficiently rapid ascending motion holding its initial shape and then slow down and stop 
demonstrating a finite motion, could be called eruptive. Gilbert et al. (2000) proposed to call 
such prominences active prominences. On the basis of observations in 1996-1998, they found 
that CMEs were connected to 46% of active prominences and to 94% of "real" eruptive 
prominences, capable to overcome the solar gravity. As a rule, ejections associated with 
eruptive prominences had bright cores, while CMEs associated with the so-called active 
prominences usually did not. 
The choice of data used in the correlation analysis can probably influence the result. For 
example, a low correlation of 10-30% between CMEs and prominence eruptions together with 
sudden filament disappearances was obtained by Yang and Wang (2002); it is possibly a 
consequence of including thermal disappearances of filaments not connected with dynamic 
events into the data set (Mouradian et al., 1995). In the same period of time, 82% of eruptive 
prominences observed with the Nobeyama radioheliograph were associated with CMEs 
(Gopalswamy et al, 2003). However, only 18% of the prominences that move predominantly 
parallel to the surface of the Sun ("transverse" events), and can apparently be assigned to 
active prominences, were possibly associated to CMEs.  
A careful comparison of the positions of filaments that suddenly disappeared and the 
apparently associated CMEs reveals some problems in the interpretation of CMEs as 
continuations of the filament eruptions in the upper corona. The helio-latitudes of the 
disrupted filaments and of the subsequent coronal ejections sometimes differ by tens of 
degrees. For example, Cliver and Webb (1998) found that, in the period of maximum activity, 
the number of CMEs with heliolatitudes > 60° was four times the number of disrupted 
filaments at latitudes > 45°.  
Figure 3 shows the distribution of eruptive prominences and CMEs about the magnetic 
equator for the epoch of solar minimum. Data on disappearing filaments and eruptive 
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prominences were taken from the catalog of solar events presented by the NOAA at http: 
//www.sec.noaa.gov/ftpmenu/indices/events.html. CME positions were taken from 
SOHO/LASCO observations. The neutral line from maps of the magnetic field of the source 
surface calculated and published monthly in the Solar Geophysical Data was used as the solar 
magnetic equator. Prominence eruptions take place fairly far from the plane of the magnetic 
equator, while CMEs tend to concentrate toward this plane. Therefore, if indeed a CME 
represents a further development of an eruptive prominence, the latter would have to travel a 
long distance along the solar limb rather than rise radially (Westin and Liszka, 1970; Filippov 
et al., 2001). An example of such non-radial eruptive prominence motion is presented in Fig. 
4. Note that the CME moves radially and along the equatorial plane. An other interesting case 
of a slow W-limb high latitude CME was analyzed by Boulade et al. (1997), showing a 
connection with equatorial structures.  
A further objection against the concept of a CME as a further development of the eruption of 
a prominence in the upper corona is based on the kinematics of these phenomena. The 
velocity of an eruptive prominence (bright core of a CME) is usually less than the velocity of 
the outer loop (envelope of the CME) by a factor as large as 1.5 (Maricic et al., 2004; Foley et 
al., 2003). For this reason, it is believed that the prominence could not “push” the CME and 
be its driver. 
Back-extrapolation of the time dependence of the CME height allows the determination of the 
onset time of the CME. Although some uncertainty remains because of the absence of 
information about the real CME acceleration during a period of time when it is shielded by 
the occulting disk of the coronagraph, which makes unknown the starting height, nevertheless 
it is possible to consider that the onset time of a CME coincides rather well (within half an 
hour) with the beginning of the prominence eruption (Gopalswamy et al., 2003).  
The question: which of the two phenomena, filament eruption or CME, starts earlier? is 
important for understanding the causal relationship between them. That a rising prominence 
disturbs the surrounding corona and like a piston pushes out coronal plasma forming a CME 
is a possible point of view; there is the opposite approach when the prior removal of the 
coronal structures above a prominence is assumed to allow it to rise unimpeded.  
Observations cannot yet give an unambiguous answer to this question, which results from the 
absence of any measurements of the surrounding magnetic field. More and more arguments 
are gathered in favour of a concept leading to both prominence eruptions and CMEs being 
different observational manifestations of the same common process of loss of equilibrium of a 
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large-scale coronal current system (magnetic flux rope). Depending on particular initial 
conditions in the system (density and mass of the prominence, magnetic field strength, etc.) 
the pattern of event can be different. In addition, some eruption of very rarefied prominences 
can remain unnoticed and cannot create a sufficiently bright core of a CME.  
Strictly speaking, all three well recognized eruptive phenomena in the solar atmosphere - 
flares, eruptive prominences and coronal mass ejections - are closely related. The degree of 
correlation between them depends on special features of a particular phenomenon (Lin, 2004). 
The correlation between CMEs and flares depends on the quantity of energy stored in the 
magnetic configuration prior to eruption. The more free energy is stored, the better is the 
correlation. On the other hand, the correlation between CMEs and eruptive prominences 
depends on the amount of matter contained in the initial magnetic structure.  
 
3 The flux rope model and prediction of eruptive phenomena 
Most of abovementioned problems can be resolved in the context of a magnetic flux rope 
model. Twisted magnetic structures are embedded into the corona in equilibrium under the 
action of different forces like magnetic pressure created by electric current loops and the 
diamagnetic properties of the photosphere, the magnetic tension of field lines anchored in the 
photosphere, and so on (e.g., Mouschovias and Poland, 1978; Chen, 1989; Vrsnak, 1990). 
Most of the flux rope volume is filled with depleted coronal material and forms a coronal 
cavity (Fig. 5). Recent multi-wavelength observations were reported, for example, by 
Koutchmy et al. (2007) and models of density depletion within coronal flux ropes were 
developed in works of Gibson and Low (1998), Krall and Chen (2005). Helical magnetic flux 
tubes of the rope serve as magnetic traps in the gravity field. Dense plasma can be collected 
near the bottom parts of the helical field lines forming a prominence (Demoulin and Priest, 
1989). We observe plasma thanks to emitted or absorbed radiations. Filaments are the most 
accessible indicators of the flux ropes presence in the corona but we recall that no direct 
magnetic field measurements are possible in the corona. Loss of the flux rope equilibrium 
appears first as a filament eruption and then as a coronal mass ejection. Rising into the upper 
corona, the cross-section of the flux rope significantly increases. The top part of the flux rope 
then moves faster than the central and bottom parts. That is why the CME’s front has usually 
a higher velocity than the eruptive prominence. A selfsimilar dynamical evolution of a partly 
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anchored, twisted magnetic flux rope was presented by Low and Hundhausen (1987), Gibson 
and Low (1998). 
Neglecting inertial forces, the flux rope will move along a neutral surface, the surface passing 
through the apices of the magnetic arches. Figure 6 presents an axially-symmetric flux rope 
model with a global magnetic field typical for minimum activity (Filippov et al., 2001; 2002) 
with the quasi-static trajectory shown by a green line. The rope initially moves in a non-radial 
direction and then radially, as it is presented in Fig. 5. Such behavior could explain the 
difference in angular distribution of EPs and CMEs shown in Fig. 3. 
The non-linear properties of the flux rope model leads to a catastrophic loss of equilibrium 
when the electric current strength reaches a critical value (Van Tend and Kuperus, 1978; 
Molodensky and Filippov, 1987; Vrsnak, 1990; Forbes and Isenberg, 1991; Lin et al, 1998; 
Filippov and Den, 2001). Unfortunately, not only electric currents but even magnetic fields 
cannot be measured in the corona. At the same time, the model of the flux rope equilibrium 
shows that the greater is the electric current, the higher is the equilibrium point. Therefore, the 
height of a filament hp could be in some sense a measure of the electric current strength and 
there is a critical height hc for the stable filament equilibrium. The critical height characterises 
the scale of the magnetic field and can be found from the equation 
ch
c
dh
dB
Bh = , 
using photospheric magnetic field measurements and a current-free approximation (Filippov 
and Den, 2000; 2001). It corresponds to the critical strength of the flux rope electric current 
but, in the framework of a simple model, depends only on the background magnetic field 
distribution. Above the critical height the photospheric magnetic field cannot hold any electric 
current in stable equilibrium. 
Comparing the observed height of filaments with the parameter hc, it is possible to work on 
predictions of filament eruption occurrence. The height of a filament above the photosphere is 
not always easy to measure when it is projected against the solar disk. When simultaneous 
chromospheric images are taken at different angles, as the STEREO mission does for the 
corona, is an ideal case to determine the filament height from the parallax angles. Sometimes, 
when the internal motion is negligible within the filament and the filament shape is invariable, 
the filament height can be estimated from the difference between the shift of chromospheric 
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details and the shift of the top of the filament produced by solar rotation (Vrsnak et al., 1999). 
One can also use information on the inclination of the symmetry plane of a filament with 
respect to the vertical in order to estimate the filament's height from its observed width 
(Zagnetko et al., 2005). 
Figure 7 shows the distribution of about 80 filaments observed according to their actual height 
and the calculated for the surrounding magnetic field critical height. The height hp of some 
filaments was measured on the east limb as the height of prominences above the limb using 
Hα filtergrams of the Big Bear Solar Observatory and Ca II K3 spectroheliograms of the 
Meudon Observatory. These data were taken from our early work (Filippov and Den, 2001}. 
However, the height of the most part of filaments was measured on the disk using the above-
mentioned methods and Hα filtergrams obtained by the Global High Resolution Hα Network. 
Potential magnetic fields were calculated on the basis of SOHO/MDI magnetograms. The 
bisector corresponds to the limit of stability. Quiescent filaments more or less evenly fill the 
angle between the bisector and the horizontal axis, while the eruptive filaments tend to cluster 
about the bisector. This shows that eruptive prominences were near the limit of stability a few 
days before eruptions. Plots in Fig. 8 show some examples of the temporal behavior of 
filament heights and critical heights for several filaments observed in the latter part of 2005. 
Right ends of the curves correspond to the last moments just before a filament erupts or 
disappears from the disk. As a rule it is seen that the filament erupts soon (a day or two) after 
it reaches the critical height. However, there are exceptions, possibly due to errors in 
measurements or to limitation of the model. 
Chen and Krall (2003), Chen et al. (2006), Krall and Sterling (2007) introduced 
different critical heights Z0 and Zm related to the footpoint separation distance Sf for an 
eruptive flux rope. These parameters limit the height Zmax where the acceleration of the apex 
of the flux rope is maximum. The critical height hc is the scale height of the radial variation in 
the local potential field, so it is a property of the external magnetic field, while Z0 is the radius 
of the semi-circular flux rope and, therefore, it is defined by the geometry of the flux rope. 
The height hc is the start point of flux rope acceleration, whereas Zmax  is the height where the 
acceleration reaches its peak value. The parameters Z0 and Zm concern the dynamical behavior 
of the eruptive flux rope but from what we understand, they do not clearly define the 
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equilibrium conditions and the stability threshold. We believe it is interesting to consider 
these questions in future works.  
 
4 Conclusions 
In a number of cases a detailed correlation of prominence eruptions and coronal mass 
ejections permits to trace the continuous transformation of one phenomenon into another, 
which makes it possible to speak about a common eruptive phenomenon. A CME is certainly 
formed in a much more rarefied medium and occupies an enormous volume. Significant parts 
of the corona and the large-scale magnetic field are involved in the CME formation; however, 
the prominence material is often well distinguished in the general structure of the CME and 
its bright core. Thus, the problem of the sudden ejection of plasma from the corona into the 
interplanetary space and the problem of the prominence existence and eruption seems to be 
quite closely connected and their solutions should be searched for in a general context.  
The filament height can be a good indicator of its lifetime duration and, accordingly, of the 
probability to have the filament erupting. The comparison of the real heights of prominences 
with the calculated critical heights could be a basis for predicting the filament eruptions and 
the associated CMEs. Solar storm forecast several days in advance could be made in such 
events on the basis of the filament monitoring. All necessary data could be obtained, in 
principle, with ground-based instruments, although routine chromospheric space-born 
observations could significantly increase the precision. 
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Figure 1. Polar crown filament eruption on 14 June 1999 visible in SOHO/EIT He II 304 Ǻ 
line (top row) and the following CME observed with LASCO C2 (bottom row). (Courtesy of 
SOHO/EIT and SOHO/LASCO consortiums. SOHO is a joint ESA-NASA project.) 
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Figure 2. Eruptive process on 25 August 2003 shown in subsequently increasing scale. White 
light SOHO/LASCO C2 corona at 04:26 UT (left), SOHO/EIT Fe XII 195 Ǻ line image at 
02:24 UT (middle), and TRACE Fe IX 171 Ǻ line image at 02:26 UT (right). Eruptive 
filament just after the start of ascending motion is seen as dark semicircular feature at the 
upper-right corner of the TRACE filtergram. (Courtesy of SOHO/EIT, SOHO/LASCO, and 
TRACE consortiums. SOHO is a joint ESA-NASA project. TRACE is a mission of the 
Stanford-Lockheed Institute for Space Research (a joint program of the Lockheed-Martin 
Advanced Technology Center's Solar and Astrophysics Laboratory and Stanford's Solar 
Observatories Group) and part of the NASA Small Explorer program.)) 
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Figure 3. Angular distribution of eruptive prominences and CMEs about the magnetic equator 
(φ = 0) for the epoch of solar minimum. 
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Figure 4. CME on 19 October 1997 in a field of view of SOHO/LASCO C2 (left) and 
composite differential image obtained from a series of SOHO/EIT Fe XII 195 Ǻ line images 
(right). A chain of dark and bright nodes above the red line traces the path of the eruptive 
prominence. The trajectory deviates more than 30° southward from the radial direction, 
shown with the white dashed line. The shape of the CME is nearly symmetric about the 
equatorial plane and it moves radially. (Courtesy of SOHO/EIT and SOHO/LASCO 
consortiums. SOHO is a joint ESA-NASA project.) 
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Figure 5. A sketch of the 3D geometry of a magnetic flux rope with a coronal cavity and a 
prominence inside in equilibrium (left) and during eruption (right). 
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Figure 6. Field lines of the solar global magnetic field typical for minimum activity adopted in 
the axially-symmetric flux rope model (Filippov et al., 2002). The dashed lines show the 
polarity inversion lines at the photospheric surface, and the green line, the possible 
equilibrium positions of the flux rope. 
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Figure 7. The observed filament height above the chromosphere hp versus the critical height 
of stable filament equilibrium hc. The blue circles correspond to the filaments which safely 
passed the west limb. The red circles correspond to the filaments which disappeared from the 
disk. The straight green line corresponding to an equality of these quantities is the stability 
boundary. 
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Figure 8. Temporal behaviour of the filament height hp (blue squares) above the photosphere 
and the critical height hc (open red circles) several days before eruption in the latter part of 
2005. 
 
